
WHARF MINE

LEAD, SOUTH DAKOTA

SINGLE CELL SELENIUM LEACHING MODEL

Area - North American Eagle Pit

INPUT BLOCK

INFILTRATION Total Drainage Area: 13.46 ac

Unreclaimed Infiltration Rate: 9 in/yr

Reclaimed Infiltration Rate: 4.5 in/yr

LEACHABLE SELENIUM Average Se Concentration: 0.159 mg/kg

Leachable Se: 0.070 %

Leachable Se Concentration: 0.01113 mg/kg

TIME Start Time yrs 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00

Time Step yrs 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

End Time yrs 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00

Calendar Year year 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

TIME DEPENDENT DATA Infiltration  Rate in/yr 9 9 9 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5

Barren Rock Backfill Added tons 0 0 0 0 0 0 0 0 0 0 0 0

Spent Ore Backfill Added tons 155,526 3,481,515 0 0 0 0 0 0 0 0 0 0

Cumulative Backfill tons 155,526 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041

CALCULATION BLOCK

DATA BLOCK FORMULA UNITS 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

INFILTRATION Inflow from Infiltration A drainage area x infiltration rate ft
3

439,738 439,738 439,738 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869

WATER:ROCK RATIO Backfill B tons 155,526 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041

Water C A x conversion factor L 12,451,999 12,451,999 12,451,999 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000

Rock D B x conversion factor kg 141,090,435 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027

Annual Water:Rock Ratio E C / D L/kg 0.088255 0.003774 0.003774 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887

Cumulative Water:Rock Ratio F E + previous year F L/kg 0.088255 0.092029 0.095803 0.097690 0.099577 0.101464 0.103351 0.105238 0.107125 0.109012 0.110899 0.112786

LEACHED CHEMICALS Cumulative Leached Chemical G 1.45 x F
0.222

% 0.8461637 0.8540660 0.8617202 0.8654596 0.8691432 0.8727729 0.8763505 0.8798776 0.8833558 0.8867867 0.8901717 0.8935122

Cumulative Leached Chemical H G x leachable chemical concentration mg/kg 9.41780E-03 9.50576E-03 9.59095E-03 9.63257E-03 9.67356E-03 9.71396E-03 9.75378E-03 9.79304E-03 9.83175E-03 9.86994E-03 9.90761E-03 9.94479E-03

Annual Leached Chemical I H - previous year H mg/kg 9.41780E-03 8.79533E-05 8.51904E-05 4.16195E-05 4.09987E-05 4.03987E-05 3.98183E-05 3.92567E-05 3.87128E-05 3.81858E-05 3.76750E-05 3.71795E-05

Annual Leached Chemical J I x D mg 1,328,762 290,199 281,083 137,322 135,274 133,294 131,379 129,526 127,732 125,993 124,307 122,673

OUTFLOW Water Out K C L 12,451,999 12,451,999 12,451,999 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000

Water Outflow Rate L K x conversion factor gpm 6.26 6.26 6.26 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13

Average Chemical Concentration M J / K mg/L 0.106710717 0.023305417 0.022573331 0.022056272 0.021727266 0.021409265 0.021101705 0.02080406 0.020515838 0.020236583 0.019965866 0.019703286

VARIABLE



12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 28.00 29.00 30.00 31.00 32.00 33.00

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041

219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869

3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041

6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000

3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027

0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887

0.114673 0.116560 0.118447 0.120334 0.122221 0.124108 0.125995 0.127882 0.129769 0.131656 0.133543 0.135430 0.137317 0.139204 0.141091 0.142978 0.144865 0.146752 0.148639 0.150525 0.152412

0.8968095 0.9000648 0.9032794 0.9064544 0.9095908 0.9126899 0.9157525 0.9187796 0.9217721 0.9247310 0.9276571 0.9305512 0.9334141 0.9362465 0.9390492 0.9418229 0.9445683 0.9472860 0.9499766 0.9526408 0.9552792

9.98149E-03 1.00177E-02 1.00535E-02 1.00888E-02 1.01237E-02 1.01582E-02 1.01923E-02 1.02260E-02 1.02593E-02 1.02923E-02 1.03248E-02 1.03570E-02 1.03889E-02 1.04204E-02 1.04516E-02 1.04825E-02 1.05130E-02 1.05433E-02 1.05732E-02 1.06029E-02 1.06323E-02

3.66987E-05 3.62318E-05 3.57783E-05 3.53376E-05 3.49091E-05 3.44922E-05 3.40866E-05 3.36917E-05 3.33072E-05 3.29325E-05 3.25673E-05 3.22112E-05 3.18639E-05 3.15250E-05 3.11943E-05 3.08714E-05 3.05560E-05 3.02479E-05 2.99468E-05 2.96525E-05 2.93647E-05

121,086 119,546 118,049 116,595 115,181 113,806 112,468 111,165 109,896 108,660 107,455 106,280 105,134 104,016 102,925 101,859 100,819 99,802 98,809 97,837 96,888

6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000

3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13

0.019448466 0.019201055 0.018960722 0.018727154 0.01850006 0.018279162 0.018064202 0.017854933 0.017651123 0.017452553 0.017259015 0.017070313 0.016886262 0.016706683 0.01653141 0.016360284 0.016193153 0.016029873 0.015870308 0.015714327 0.015561806



33.00 34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.00 51.00

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

34.00 35.00 36.00 37.00 38.00 39.00 40.00 41.00 42.00 43.00 44.00 45.00 46.00 47.00 48.00 49.00 50.00 51.00 52.00

2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060

4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.5

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041

2042 2043 2044 2045 2046 2047 2048 2049 2050 2051 2052 2053 2054 2055 2056 2057 2058 2059 2060

219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869 219,869

3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041 3,637,041

6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000

3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027 3,299,468,027

0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887 0.001887

0.154299 0.156186 0.158073 0.159960 0.161847 0.163734 0.165621 0.167508 0.169395 0.171282 0.173169 0.175056 0.176943 0.178830 0.180717 0.182604 0.184491 0.186378 0.188265

0.9578922 0.9604805 0.9630446 0.9655850 0.9681021 0.9705966 0.9730688 0.9755191 0.9779481 0.9803561 0.9827436 0.9851109 0.9874584 0.9897866 0.9920957 0.9943861 0.9966582 0.9989123 1.0011486

1.06613E-02 1.06901E-02 1.07187E-02 1.07470E-02 1.07750E-02 1.08027E-02 1.08303E-02 1.08575E-02 1.08846E-02 1.09114E-02 1.09379E-02 1.09643E-02 1.09904E-02 1.10163E-02 1.10420E-02 1.10675E-02 1.10928E-02 1.11179E-02 1.11428E-02

2.90832E-05 2.88078E-05 2.85383E-05 2.82744E-05 2.80161E-05 2.77631E-05 2.75153E-05 2.72725E-05 2.70345E-05 2.68012E-05 2.65725E-05 2.63481E-05 2.61281E-05 2.59122E-05 2.57004E-05 2.54924E-05 2.52883E-05 2.50879E-05 2.48910E-05

95,959 95,050 94,161 93,291 92,438 91,604 90,786 89,985 89,199 88,430 87,675 86,935 86,209 85,497 84,798 84,111 83,438 82,777 82,127

6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000 6,226,000

3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13 3.13

0.015412626 0.015266675 0.015123844 0.014984031 0.014847137 0.014713069 0.014581735 0.01445305 0.014326932 0.0142033 0.01408208 0.013963199 0.013846587 0.013732176 0.013619904 0.013509707 0.013401527 0.013295307 0.013190991


